We present a combined 3-D geoelectric and seismic tomography study conducted on the large Åknes rockslide in western Norway. Movements on the slope are strongly inuenced by water inltration, such that the hydrogeological regime is considered as a critical factor aecting the slope stability. The aim of our combined geophysical study was to identify and visualize the main shallow tension fractures and to determine their eect on hydraulic processes by comparing the geophysical results with information from borehole logging and tracer tests.
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We present a combined 3-D geoelectric and seismic tomography study conducted on the large Åknes rockslide in western Norway. Movements on the slope are strongly inuenced by water inltration, such that the hydrogeological regime is considered as a critical factor aecting the slope stability. The aim of our combined geophysical study was to identify and visualize the main shallow tension fractures and to determine their eect on hydraulic processes by comparing the geophysical results with information from borehole logging and tracer tests.
To resolve the complex subsurface conditions of the highly fractured rock mass, a threedimensional set-up was chosen for our seismic survey. To map the water distribution within the rock mass, a pattern of nine intersecting 2-D geoelectric proles covered the complete unstable slope. Six of them that crossed the seismic survey area were considered as a single data set in a 3-D inversion. For both methods, smoothing-constraint inversion algorithms were used, and the forward calculations and parameterizations were based on unstructured triangular meshes. A pair of parallel shallow low-velocity anomalies (<1400 m/s) observed in the nal seismic tomogram was immediately underlain by two anomalies with resistivities < 13 kΩm in the resistivity tomogram. In combination with borehole logging results, the low-velocity and resistivity anomalies could be associated with the drained and water-lled part of the tension fractures, respectively. There were indications from impeller owmeter measurements and tracer tests that such tension fractures intersected several other waterlled fractures and were responsible for distinct changes of the main groundwater ow paths. 1 to the undisturbed rock mass. In some studies, resistivity measurements allow individual 23 water aquifers (e.g. Lebourg et al., 2005) . 48 We present here an integrated tomographic study of 3-D seismic refraction and electrical 49 restivity data collected across the upper part of the large Åknes rockslide in western Norway. A C C E P T E D M A N U S C R I P T
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The unstable area of the Åknes rockslide extends from ≈ 100 m a.s.l. close to the 81 shoreline of the fjord to 900 m a.s.l. in the mountain slope ( Fig. 1 In the upper central part of the rockslide a WNW to ESE striking 10 m high cli is formed 101 (Fig. 2) . Due to extensional movements in this region, steeply dipping tension fractures are 102 exposed at some locations both north and south of the cli (Fig. 2 ). The exposed tension of the rectangle along prole Q2 (Fig. 3b) . Finally, ve far-oset shots were placed along 256 an extension of prole Q2 (Fig. 3a) . Three of them were located downhill of the seismic 257 survey and the other two uphill in the stable part of the rock mass behind the back scarp 258 (see Fig. 3 ).
259
As sources explosives with charges of 100 to 400 g were used. They were placed in 50 cm in prole P1 and P4 at their intersection point in Fig. 5 ).
292
The 3-D resistivity data were nally tted with a relative RMS of 23%, and seismic data 
318
In contrast, the ray coverage of the seismic tomography is more homogeneously dis-319 tributed in all depth intervals due to the 3-D experimental setup (Fig. 9) . Lower ray cover- 
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shoreline (Fig. 5a) , saltwater from the fjord has surely an eect and these anomalies are not 356 necessarily associated with groundwater from the rockslide.
357
At the eastern boundaries of the rockslide a distinct resistivity increase from the unstable 358 region towards the stable region is present in the 2-D sections of proles P3 and P4 (Fig. 5b) 
359
indicating that the intact rockmass has lower water content related to less fracturing. Such a 360 clear contrast is not present in the 2-D sections in the region around the backscarp (Fig. 5a ) 361 and along the western rockslide boundary (Fig. 5b) ( Fig. 7b and Fig. 10 ). Also high apparent P-wave velocities of 3500 − 4000 m/s at osets 444 > 400 m indicate that refracted P-waves of far-oset shots run partly through intact rock 445 (Fig. 6b) .
446
Below 70 meters resistivity increases in most regions slowly with depth ( Fig. 10) , which is 447 probably related to less water content due to less intense fracturing of the rocks with depths 448 (see Fig. 4a and c). However, in region where the low-resistivity anomalies are present 449 resistivities remain relatively low even in larger depths (see Fig. 10 ). system is signicantly changed by the tension fractures.
476
In the south-eastern part of the investigated area the low-resistivity anomaly approaches 477 the surface (see Fig. 11a and b) . This suggests that outowing water at the nearby spring 
